Background It is presumed that physical activity (PA) level declines during the lifespan, particularly in adolescence. However, currently, there is no study that quantifies these changes and pools results for a common interpretation. Therefore, the purpose was to systematically review the international literature regarding PA change during adolescence, and to quantify that change according to a series of study variables, exploring gender-and-age differences.
Introduction
Physical inactivity has been identified as one of the biggest public health problems of the 21st century. 1 The World Health Organization estimates that $2 million deaths worldwide annually can be attributable to physical inactivity. 2 In 2002, the World Health Report ranked physical inactivity among the 10 major causes of mortality and disability in the developed world. 3 The health benefits of physical activity (PA) are widely demonstrated by the recent scientific literature. 4 There is strong evidence that regular PA improves body composition, cardiorespiratory and muscular fitness, bone health and metabolic health biomarkers among children and adolescents.
Therefore, the aim of this article was to systematically review the international literature about PA change during adolescence, as well as from childhood to adolescence, and to quantify that change according to a series of study variables (such as country, year of initial data collection, sample size, baseline age, follow-up duration, characteristics of the instrument, unit of PA measure), by means of a pooled analysis, exploring gender-and-age differences.
Methods

Eligibility criteria
To be eligible, studies needed to fulfil the following criteria: (i) have a longitudinal design; (ii) have at least two PA measures throughout adolescence (10-19 years) , or the first measure in childhood (before 10 years of age) and the second one in adolescence. Studies in which both the first and second PA measures were gathered in childhood were also excluded, since there are few studies only among children and questionnaires may not be applicable to this age group (<10 years). 11 Intervention studies were also considered for selection if they had reported results for the control group (in this case, only the non-intervention group could be included). If not, they were excluded because the aim of the present review was to evaluate the natural change of PA. If there was more than one report with data from the same study, we selected the one where the main objective was to investigate PA change. This decision was taken to avoid overrepresentation of a single study.
Search strategy
The search was conducted in two electronic databases: Medline/PubMed and Web of Science. Four command groups were employed to find articles. Within each group, we used the Boolean operator 'OR' and between the groups we used the Boolean operator 'AND'. In the first group, we included the terms related to PA (physical activity; inactivity; sports; exercise; motor activity; sedentary; sedentarism; sedentariness). In the second one, the terms related to the age group were entered (adolescent; adolescence; young; youth; teenager; teenage; children; childhood; lifespan). In the third group, we added the terms to restrict the study design (longitudinal; cohort; prospective; panel; follow-up). And in the fourth set of commands, we used the PA change terms (tracking; stability; continuity; decline; change; maintenance; adherence; adoption; shift; variability). To broaden the search, a secondary strategy was carried out, replacing the last command group by the following: epidemiology, associated factors; correlates; determinants; predictors; risk factors. During search, no limits were used (i.e. publication date or language). Search was concluded by July 2009.
The article selection process was conducted by the first author of this study (S.C.D.) by a systematic method, which is described in more detail in Figure 1 . First, all the references retrieved from the databases were examined and titles were read. Most of the potential articles were excluded in this phase because many did not focus on PA or were clinical investigations. The second step consisted of examination of the abstracts of those papers selected previously. From the 150 papers with abstracts assessed, 76 were selected for reading of the full text, based on the inclusion criteria. Out of these, 41 were excluded. The main reason was the non-report of PA change, accounting for 66% of the papers excluded in this phase. Out of the 35 papers that attained the inclusion criteria, 11 were further excluded by belonging to the same cohort study. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] By the secondary search method, two new studies that were not found by the previous search were included. 23, 24 The reference lists of all selected papers were examined to detect other publications eligible for this review, but none was found. Therefore, the present review included data from 26 articles.
23-48
Data analysis
From each paper, the following information was extracted: study project (if it had an official name), country and year of initial data collection, sample size, baseline age, follow-up duration, characteristics of the instrument (type, recall time, PA intensity and PA domains), unit of PA measure and report of the results' statistical significance. As the PA measurement unit varied widely across studies, PA outcome was calculated as the percentage PA change during the follow-up, by dividing the difference between the final and the initial value of PA (usually its mean) by the initial value. To enable comparison across studies with different follow-up, we divided the relative change by the follow-up duration (in years), obtaining thus the percentage PA change per year, which is referred as the outcome in this article. Therefore, this approach enabled us to generate a pooled estimate of PA change over all studies.
Because a study could report more than one PA measure, of the 26 studies, we had 38 PA measures (10 studies with two different measures and 1 study with three PA measures). These measures were grouped into the following five categories: duration (min/day; h/day; min/week; h/week); frequency (session/day; block/ day; h/week; bout/week); index (MET-min/day; MET-h/day; MET-day; MET-h/week; MET-week; For the pooled analyses, differences in percentage PA change per year according to the study characteristics were analysed by the Kruskal-Wallis non-parametric test. To analyse if the mean percentage PA change per year was significant or not, within the categories of each variable extracted, 95% confidence intervals (CIs) were reported (an interval including the zero value means that the difference is not significant). Adjusted analysis, controlling the effect of one variable for each other, was also done, by multiple linear regression. Because the N for the analyses was relatively small, and the distribution of the outcome was asymmetric, either a logarithmic or square root transformation was conducted. Additional analyses for both transformed outcomes were run, but the results were basically the same as the non-transformed variable and therefore are not presented.
With the purpose to conduct a meta-regression, we generated a standard error for each PA measure, which corresponded to the inverse probability of its sample size. This procedure was done because only a few studies have reported the standard error of PA change. The heterogeneity across studies was calculated by Cochrane Q-based test. Further, a sensitivity analysis was done for each study characteristic reported above to examine how much of the heterogeneity in the outcome could be explained by each variable. An influence analysis was also taken into account, omitting each study individually from the data set and recalculating the pooled estimation and the sensitivity analysis. Publication bias hypothesis was assessed by inspection of the funnel plot for asymmetry, a scatter plot of individual studies effect against a measure of its precision and by the statistical Begg's test.
Whenever possible, the analyses were run separately for boys and girls. To compare the mean PA change between boys and girls, the Wilcoxon signed rank test was used. The overall PA change for studies with results separated for boys and girls was calculated by weighting the data of each gender for their sample size. In three studies, it was necessary to weight the data to obtain a single measure of PA. They were weighted for age, 34 days of week 24 and ethnicity. 46 Additionally, the data from one study 48 were extracted from the graphics, as the absolute values were not described in the text. All the statistical tests were two-sided, and the significance level was set at 5%. The analyses were performed with Stata 10 software (StataCorp, College Station, TX, USA).
Results
Description of studies
The characteristics and main results of the 26 studies included in this review are described in Table 1 . The first studies about this subject were published in 1998, 28, 29, 31 and the large majority were school based. Nevertheless, when we evaluated the onset of data collection, we can see that the first longitudinal study to investigate PA change during adolescence started in 1977, in the Netherlands. 48 The following study also took place in Europe (Finland) in 1980. 47 The first longitudinal study carried out in the USA took place in 1985. 35 [41] [42] [43] [44] Three studies used pedometers, 30, 38, 45 and two used accelerometers 24, 43 to assess PA level. Regarding the single PA measure, the most common was h/week, reported by four studies. 29, 34, 41, 46 Whenever possible, the initial and final values of PA (usually mean and its standard deviation) are described in Table 1 .
A summary of studies according to some study characteristics is presented in Table 2 . Analysing the data from 26 studies, 40% (n ¼ 10) commenced in the last 11 years, and most (61.5%) were carried out in the USA (n ¼ 16). The sample size was evenly distributed among the three groups (<200, 200-999, 51000), and most studies (85%) comprised boys and girls (n ¼ 22). In almost two-thirds of the studies (65%), the baseline age was between 9 and 12 years, and in almost three-quarters (73%) the age at the end of study was between 15 and 18 years. Only seven studies (27%) followed the subjects for 5 or more years. Questionnaires were administered in 85% (n ¼ 22) studies. The most studied intensity was moderateto-vigorous PA (n ¼ 12; 46%), although four studies (15%) did not mention the PA intensity. More than a half of studies (n ¼ 17; 65%) reported significant PA change for at least one gender. However, in six studies (23%) it is not possible to know whether or not the results were significant, because neither the P-value nor the CI nor the standard error of PA change was provided. The distribution of the PA measures in the 26 studies (n ¼ 38) according the study characteristics was also analysed (data not shown), and was very similar to that observed for the studies (Table 2) . Therefore, for the pooled analyses, we considered the PA measure (n ¼ 38) as the unit of analysis, rather than the study (n ¼ 26). 
Pooled analyses
The combination of all sample sizes summed 43 341 individuals (19 548 boys and 23 883 girls). The results of each study, in terms of annual percentage PA change, are illustrated in Figure 2 . Among all studies, only one reported an increase of PA level from baseline to follow-up, being significant only among boys. 33 Three studies did not find significant changes, 28, 31, 38 and the remaining found a decline in PA level. However, one study detected a decline only among girls, 41 and in two studies it was significant only among boys. 45, 48 The overall percentage PA change per year ranged from À18.8 to 7.8 (mean ¼ À7.0; median ¼ À6.8). The 95% CI ranged from À8.8 to À5.2, whereas the 99% CI ranged from À9.4 to À4.6. If in the combined measure only the PA measure that yielded the smallest decline (for those studies with more than one PA measure reported) was considered, the mean change would be À5.7 (95% CI: À7.5 to À3.8), ranging from À13.4 to 7.8. In the same way, if in the combined measure only the PA measure that yielded the highest decline was considered, the mean change would be À7.7 (95% CI: À10.0 to À5.2). The median decline was close to the mean in both simulations (À5.3 and À7.7, respectively). Mean PA change weighting data for sample size were À6.2 (95% CI: À7.5 to À4.9).
To explore if the average percentage PA change by year could be extrapolated to the overall adolescence period, we tested the global PA change (considering the entire follow-up duration) according to the total follow-up duration. On average, the studies with 1 and 2 years of follow-up showed an overall change of À12.4% (95% CI: À18.5 to À6.3); those with 3 and 4 years of follow-up showed an overall change of À20.1% (95% CI: À30.5 to À9.7) and those with 5 or more years of follow-up presented an overall change of À46.1% (95% CI: À64.5 to À27.6). The Spearman correlation between global PA change and follow-up duration was 0.43, with a beta coefficient of À5.6 (95% CI: À9.0 to À2.1; P ¼ 0.002). This association was independent of age at baseline (adjusted beta ¼ À5.9; 95% CI: À9.6 to À2.3; P ¼ 0.002). Therefore, it means that for each year of follow-up, the PA (adjusted for age at baseline) declined, on average, 5.9% per year, which is similar to the mean decline obtained by our analytical approach (mean decline ¼ 7.0; 95% CI: 5.2 to 8.8).
Differences between genders
Some studies reported PA change separately for boys and girls. Among boys, mean PA change was À7.0 (95% CI: À9.6 to À4.5), ranging from À19.0 to 10.7. Among girls, mean PA change was À6.3 (95% CI: À8.4 to À4.1), ranging from À16.7 to 5.0. There was no gender difference (P ¼ 0.41). Even considering the least decline, the PA change would be À6.1 for both genders (95% CI: À9.7 to À2.6). When comparing the mean change of studies that included only girls with the mean change among girls of studies that encompassed both genders, the results were basically the same (À6.2 vs À6.3, respectively, with a P-value ¼ 0.98).
However, an interaction of gender PA change with year of data collection and baseline age was detected. Although PA decline among boys is becoming smaller (9.9% in studies beginning up to 1987 to 5.4% in studies beginning after 1997), among girls it seems to be increasing, especially based on studies from the last decade information is combined with the baseline age, it becomes evident that the increase in PA decline among girls has occurred only in the younger (baseline age ¼ 9-12 years) ( Figure 3) . Among younger boys, it seems to be stable over the years. Nevertheless, among older adolescents (baseline age ¼ 13-16 years), we can see a decrement in PA decline, which was steeper in boys than in girls (Figure 3) . Similar patterns were verified using only the smallest or largest decline for studies with more than one PA measure.
Differences across study characteristics
The results of the pooled analyses according to each study characteristic are presented in Table 2 . In summary, PA showed a decline for the categories of all variables, except for: objective measure (mean ¼ À5.5; P ¼ 0.05), vigorous intensity PA (mean ¼ À5.8; P ¼ 0.51), frequency as PA measure (mean ¼ À5.6; P ¼ 0.08) and no significant results for PA change (mean ¼ À6.2; P ¼ 0.24) or significant only for one gender (mean ¼ À1.6; P ¼ 0.55). Nevertheless, it is important to mention that the number of observations for each of these groups was small, ranging from three to seven. Comparing the categories of each variable, there were significant differences in percentage PA change per year only for the sample size (P ¼ 0.04). However, this difference disappeared when this variable was controlled for PA measure (P ¼ 0.06). With the adjustments for each variable in the table, the other results were basically the same, and therefore are not shown. Moreover, the mean PA change weighted for sample size yielded similar results, except that the variability (95% CI) became narrower.
Meta-regression
The analyses presented in Table 2 were also run through a meta-regression, considering the inverse probability of sample size as the standard error of each study. As the P-value for heterogeneity was very small (P < 0.001), a random effect model was applied. This approach yielded very similar results (data not shown) and allowed estimation of the characteristics that explained most of the heterogeneity across studies. Sample size, PA intensity and PA measure explained between 17% and 22% of the differences in PA change estimate. A model including all these three variables explained almost a half (44%) of the heterogeneity across studies. Influence analysis, omitting each study individually, did not affect the results, neither the global measure nor the sensitive analyses for each study characteristic. Either the observation of the funnel plot or the formal statistical test (data not shown) allowed the conclusion that there was no indication of publication bias, as results for studies with lower precision (small sample size) seemed to have the smallest PA change.
Discussion
This is the first study to systematically review the literature regarding PA change throughout adolescence. This study has some strength that deserves to be highlighted. First, the elaboration of this article was based on MOOSE (Meta-Analysis of Observational Studies in Epidemiology) guidelines. 49 Second, the data comprised the entire adolescence period (10-19 years), which is known to be a critical phase in life regarding PA change. 8 Third, only longitudinal studies were included, since cross-sectional data are subject to a cohort effect and do not reflect changes experienced by a single individual. Fourth, several descriptors were used to search articles and no limits were employed, making this process widely sensitive. Fifth, the use of a single measure (percentage PA change per year) enabled us to quantify the PA change and to analyse this outcome according to various sub-groups of variables, even though the diversity of PA measures along studies.
There are some limitations that also should be mentioned. As the search process was conducted by only one person (the principal investigator of this article), one could argue that some important article might not be identified. However, apart from the search carried out in two large databases (PubMed and Web of Science), the reference list of all articles included in this review was examined, and no additional study has been found. Besides this, the reference list of two review papers investigating the correlates of PA 10, 50 was also assessed, but we did not detect any other paper not retrieved or identified by our search method. Another point consisted of the lack of a methodological evaluation of the articles included. For example, some of them reported a high attrition rate, whereas others did not address this issue. Moreover, the original estimate of PA change variability (e.g. standard error) of each study should be preferable to the meta-regression analyses, rather than our estimate based on the sample size. Our results Boys Girls Figure 3 Annual percentage PA decline among boys and girls, according to the year of study (baseline data collection) and age at baseline suggest that the PA decline during adolescence is a consistent finding in the literature. Only one study has reported an increase in PA level, which was significant only among boys. 33 Nevertheless, this study was restricted to pre-pubertal subjects and analysed the number of vigorous events lasting at least 20 min. These characteristics could explain that finding, since PA seems to have a greater decline after discernible physical maturation, 30 and involvement in vigorous PA may increase during adolescence, even in the presence of an overall decline in PA. 47 Three studies found no significant changes, but two of them could have been affected by sample size limitations, since the PA change in one was À4.9% per year 28 and in the other it was À13.4%. 31 The third one actually did not find any change (À0.4% per year), 38 but PA was measured by pedometers. The other two studies that used steps/ day as PA measure also reported small changes (À1.5 and À3.4% per year). 30, 45 The significance of PA change was not reported in eight studies, although the results ranged from À3.0 to À17.9% per year (mean ¼ À9.1; 95% CI: À12.5 to À5.7), and sample size was higher than 500 individuals for all of them. 24, 26, 29, 34, 35, 37, 40, 46 Moreover, it is worth emphasizing that PA level presented a decline according to most sub-groups of variables analysed.
Because we found a mean decline of 7% per year in PA level, we could infer that global PA change throughout adolescence would be $60-70%. That finding is comparable to the study with the largest follow-up duration (9-10 to 18-19 years) that found an overall decrease of 83% (9.2% per year) considering the habitual PA (MET-time/week), although results were obtained only among girls. 35 Another study that followed individuals from 9-to 15-years old, with accelerometry, found a decrease of 75% (12.5% per year), 24 which is higher than our result and might suggest that our estimate is somewhat conservative. In this same study, most individuals (99%) achieved the goal of one daily hour of moderate-to-vigorous PA recommended for children and adolescents, when they were 9 years of age. 4, 51 Nevertheless, at the end of study (15 years old) only 26.7% achieved such recommendations, 24 meaning that, if PA had continued decreasing at the same rate, at the end of adolescence no one would be considered active. However, after the age 18 years, PA recommendation changes to 30 min daily, 4 which might cause significant changes in this scenario.
The analysis stratified by gender revealed an interesting finding that should be further explored. There was an interaction between PA decline and gender with year of study and age at baseline. It is difficult, however, to state if the PA decline is actually becoming greater in girls and smaller in boys, or if this trend is an effect of the instruments used in the most recent studies, which could be more sensitive in measuring the female PA than the first instruments. One recent study that objectively measured PA level, by accelerometer, found only a small difference in the decline between boys and girls (11.9 vs 13.1, respectively). 24 When we explored these differences according to age at baseline, increment in the decline among girls was verified only in the most recent studies with 9-to 12-year-olds at baseline. Among older girls (13-16 years) a slight reduction in the decline was identified. Among younger boys (9-12 years), there was a slight increment in the decline in the most recent studies, but a steep decrease among older boys (13-16 years) . One reason for a decrease in decline might be that the boys in more recent years start from a lower level of PA and therefore there is less to decline from. 29, 46 Therefore, whereas girls declined more in their PA levels at younger ages (mean ¼ 7.1% per year vs 5.1% per year among boys), boys had a higher decline at older ages (mean ¼ 8.6% per year vs 5.3% per year among girls). That result might be an effect of sexual maturation, which usually happens earlier in females, although other factors may also be suggested. Independently of this, it is important to mention that the differences in absolute PA level between genders at the beginning of the adolescence, when PA is usually higher among boys, in general, became smaller or even reversed. 47, 48 Although the decline in PA levels is consistent in the literature, it is not clear yet what are the factors related to this change. The authors of one study described herein attributed that decline to the number of physical activities, rather than the time spent in each PA. 25 In fact, the number of physical activities was the measure that presented the highest decline, and although only two studies have analysed this sub-group, their findings were consistent (an overall decline of 54% in one and 56% in the other during 3 years of follow-up). 25, 29 The type of PA, however, presented contradictory results between two studies: whereas one described a higher decline in organized sports, 47 the other attributed the decline to the reduction of participation in non-organized sports. 48 PA intensity is another inherent component that deserves further investigation, because its definition and instrument varied widely across studies. At present, it is therefore unclear what kind of PA intensity has the greatest variability during adolescence, although all of them have presented a decline. Nevertheless, it is important to mention that the PA decline was basically the same (21%) between self-reported (questionnaire) and objective (accelerometry) measure in an analysis of a sub-sample of adolescents from 11-12 to 13-14 years old. 35 Finally, the decrease in PA may be positively associated with its baseline level, 17 although a possible effect of regression-to-the-mean phenomenon may not be ruled out. That is, those with high levels of baseline PA can potentially present a large decrease in PA levels, compared with those who start with lower PA levels.
With regard to the external factors, there are few studies that investigated the predictors of PA change among adolescents. The largest body of evidence comes from cross-sectional studies 10, 50 that are useful for investigating the correlates, but not the predictors of PA. 52 Moreover, it is relevant to state that a determinant of behaviour is not the same as a determinant of behaviour change. 53 Among the limited longitudinal researches, there seems to exist an inverse association between PA change and sedentary behaviour change, 44 and with body mass index change. 18 In addition to that, the decline seems to be higher in adolescents of low socio-economic level, 24, 46 and lower in adolescents with more social friend support. 18, 30 No difference according to ethnicity was reported by one study. 27 The seasonal effects should also be considered, because PA level tends to decrease more in the winter and in the presence of adverse weather conditions (e.g. snowfall). 23 Another external factor related to PA decline could rely on secular changes. Secular changes could occur with overall PA levels declining over time. Although possible, a recent study did not find any secular change in PA level of two adolescent cohorts within 5 years of follow-up (from 1999 to 2004). 41 The decline in PA levels has also been demonstrated in studies with animals, 54 suggesting that there is a biological plausibility for the occurrence of this phenomenon. However, PA is a multi-dimension behaviour that can be influenced by physiological, developmental, environmental, psychological, social and demographic factors. 55 Therefore, our challenge consists in determining how the environment can modify the biological tendency to PA decline with age. 8 Based on the current findings, some recommendations are pointed out for future research and interventions. Considering that all studies located are from developed countries, particularly the USA, evidence from developing and undeveloped countries is warranted to clarify if the present results can be generalized to distinct settings. Attempts to improve the validity and comparability of instruments across studies are also necessary. There is an imperative need to standardize PA definition in terms of light, moderate and vigorous intensity, due to its considerable contribution to the heterogeneity across studies. Moreover, whenever possible, we recommend aggregation of self-reported and objective PA measures (e.g. accelerometry) to increase the accuracy of the estimate. Regarding the gender-and-age-specific differences in decline of PA, it is recommended to intervene at earlier ages among girls, and to stimulate involvement in a variety of physical activities among both genders after childhood. More investigations addressing the predictors of PA change are also needed, as the current knowledge is not sufficient to create a body of evidence concerning this issue.
Conclusions
The decline of PA during adolescence is a consistent finding in the literature and does not vary according to several study characteristics. However, differences between boys and girls in the pattern of PA change over time, as well as an interaction with age, were observed and should be explored in future research. Interventions that attempt to attenuate the PA decline, even without an increment in PA levels, could be considered as effective, and are of great importance to improve adolescent health and, in consequence, the health of future generations.
